An incompressible flow of a non-Newtonian Spriggs fluid over an unsteady oscillating plate is investigated using the Homotopy Analysis Method (HAM). An analytic solution of sine and cosine oscillations of the plate has been obtained. 
Introduction
The study of characteristics of a non-Newtonian fluid flow is very essential because they have important applications in the vast field of industry, science and engineering. Non-Newtonian nature of fluids has been studied by many models [1] [2] . Spriggs fluid is one of such non-Newtonian fluid models and it is a Generalized Newtonian fluid (GNF) [3] [4] . Spriggs fluid, also called truncated power law fluid, was first suggested by Spriggs [5] in 1965. At low and high shear rates, the power law model does not predict any Newtonian plateau and gives inaccurate results, whereas the constitutive equation of Spriggs fluid truncates the region with the reference shear rate before which the fluid will behave like Newtonian and after which it performs like a power law fluid model. Recently, Lavrov [6] explained the hydraulic fracturing application of flow of Spriggs fluid between parallel walls and concluded that the Spriggs model increases the accuracy of hydraulic fracturing simulation, as compared to the power law model. Spriggs fluid as a shear thinning fluid can be very useful in study on elastohydrodynamic film thickness [4] [5] [6] [7] . Adusmilli and Hill [8] investigated the transient laminar flow of Spriggs fluid.
The study on the flow of non-Newtonian fluids over a plate has attracted attention of many researchers [9] [10] [11] [12] [13] . Stokes' first and second problems are one of those types of flows. Stokes' first problem [14] [15] [16] [17] [18] refers the sudden start of plane plate. The plate moves with a constant velocity tangentially to its own plane, whereas Stokes' second problem is the periodic motion of a flat plate. Rajagopal [19] gave the first exact solution of Stokes' second problem for non-Newtonian fluids. Recently, Ishfaq et al. [20] investigated Stokes' second problem for nanofluids. Duan and Qiu [21] provided periodic solution of Stokes' second problem for viscoelastic fluids. Semi -analytic methods such as the Adomain Decomposition Method (ADM), Homotopy Perturbation Method (HPM), Variational Iteration Method (VIM) were used to investigate the fluid behaviour over a flat plate with oscillating motion and wall transpiration by Farkhadnia et al. [22] . Oscillating flow of an incompressible magnetohydrodynamic (MHD) second grade fluid in a porous half space was investigated by Ali et al. [23] . An analytic solution of second problem of Stokes' for a second grade fluid using the Laplace transform and perturbation technique was given by Asghar et al. [24] . Fetecau et al. [25] used the Laplace transformation to give exact solution of Stokes' second problem for a Newtonian fluid. Ai and Vafai [26] considered eight non-Newtonian models and compared velocity and temperature profiles of these models with Newtonian fluids. The analytic solution of Stokes' problem using the Laplace transform method was studied in depth by Erdogan [27] and the solution includes both steady and transient solutions.
The governing equations for fluid mechanics problems such as Stokes' second a difficult task to get analytical approximations of such non-linear partial differential equations. Traditionally, perturbation methods [28, 29] , have been widely applied to give analytic approximations of non-linear problems but, unfortunately, they rely highly on small/large parameters and these parameters restricts the analysis because many non-linear problems do not contain such small/large parameters. An analytic method known as the Homotopy Analysis Method which is based on the topological concept "Homotopy" has been developed by Liao [30] . The method does not depend on any small/large parameter. HAM also provides a suitable way to control the convergence of series solution by using a parameter called the convergence control parameter. Due to these reasons, HAM is valid for both weak as well as strong non-linear problems. HAM is a powerful method and is applied to many problems nowadays. Recently, Rashidi et al. [31] discussed the mixed convection boundary layer flow of a micro polar fluid towards a heated shrinking sheet by using HAM. A non-linear convective stagnation point flow of a thixotropic fluid towards a stretching sheet within the frame of Catteneo Christov heat flux theory was studied by Hayat et al. [32] . A non-linear fractional differential equation was solved by Das et al. [33] using four different methods, viz., HAM, VIM, ADM and Power series method (PSM). An automatic scheme was coupled with HAM to solve non-linear algebraic equations by Al-Shara et al. [34] . HAM is very efficient and applied to many non-linear problems [35] [36] [37] [38] [39] .
Many researchers have used different non-Newtonian models to study and investigate the flow for Stokes' second problem. In this paper, the behaviour of Spriggs fluid over a flat plate is presented where the plate is initially at rest and then starts oscillating. Similarity transformation is used to investigate the flow. The transformed non-dimensionalised partial differential equation after using similarity transformation is solved by HAM. The plate is subjected to both sine and cosine oscillations. Variations of the velocity profile are presented graphically for different values of the convergence control parameter of HAM and power index of Spriggs fluid. Also, the effect of distance from the wall and the power law index over wall shear stress is discussed and presented graphically. It is found that velocity decays to zero, faster for a non-Newtonian fluid than for a Newtonian fluid. Velocity dies away early for a shear thickening fluid than for a shear thinning fluid.
The paper is organized as follows: Section 2 contains a description of the problem and its mathematical modelling. Section 3 provides the solution of the problem via HAM for boundary condition subjected to both sine and cosine oscillations. Section 4 includes the graphical representation of velocity and wall shear stress for different parameters, such as the convergence control parameter, distance from the wall and power index. Finally, Section 5 concludes the results of Section 2, 3 and 4. Modelling of non-Newtonian Spriggs fluid flow for Stokes' second problem in the absence of body force is given below:
Mathematical modelling

Governing equation
The equations which governs the flow are given by -continuity equation
Here u and v are velocity components in the direction of x and y respectively, t is time,  is the density of fluid, p is pressure and U denotes representative velocity. As the plate starts moving, it oscillates parallel to its plane with velocity Sin U t  or Cos U t  . Under these conditions, no flow occurs in the y direction and the flow velocity u at a given point depends only on its y-coordinate and time .i.e.
( , )
Stress components using Eqs (2.4) are 
Using Eqs (2.4), (2.5), (2.7) and (2.9), x-momentum Eq.(2.2) reduces to a partial differential equation
and the respective boundary condition will be
Sin ;
Dimensionless governing equation
We introduce the following similarity transformation according to Ali and Vafai [26] (
where U is the reference velocity,  is frequency and 0  is representative viscosity. Therefore 
is the reference shear rate [26] which denotes the magnitude of wall shear rate as a combined effect of U , 0  and  .
Case I:
From Eq.(2.13) we have
Case II:
We have from Eq.(2.13)
Initial and boundary conditions i.e., Eqs (2.11a-c), after introducing (2.12), are transformed as follows
Note that for n=1, both Eqs (2.14) and (2.15) became identical. If the principal boundary condition ( Fig.2) is ; ( , ) Cos ;
(2.17) Fig.2 . Schematic diagram and co-ordinate system for Stokes' second problem for cosine oscillation.
Analytic approximation by HAM
An analytic solution for non-dimensionalised partial differential Eqs (2.14) and (2.15) with initial and boundary conditions in Eqs (2.16) and (2.17) have two cases, the first case is for a Newtonian fluid and the other case is for a non-Newtonian power law fluid as per definition of Spriggs fluid. Both the cases are discussed below.
Case I: for f 1   
The exact solution for Eq.(2.14) with respect to the initial and boundary conditions in Eqs (2.16) and (2.17) is given by ( , ) exp Sin and the linear operator as 
Zeroth order deformation equation which is given by
Homotopy series solutions for both sine and cosine oscillations are given by 
Fetecau et al. [25] has discussed wall shear stress for n 1  .
Results and discussion
After introducing similarity transformation (2.12), the governing Eq.(2.10) with initial condition (2.11a) and boundary conditions (2.11b) and (2.11c) is reduced to non dimensionalised partial differential Eqs (2.14) and (2.15) with initial and boundary conditions given in Eqs (2.16) and (2.17). Equation (2.14) is the case of a Newtonian fluid which is studied in [40] 
CASE (a): Subject to initial and boundary condition ( , ) , ( , ) Sin
In the HAM solution process, the convergence control parameter plays a very important role for giving convergent series solution. So to find the range of convergence control parameter 0 c , we plot a graph between ( , ) f 0 0  and 0 c given in Fig.3 , respectively. 0 c . From both the figures, it is observed that as 0 c increases the velocity profile decreases more rapidly and it reveals that steadiness of the velocity profile can be adjusted and varied by using the convergence control parameter. The forth order approximation of the velocity profile f is shown in Fig.6 for . 
CASE (b): Subject to initial and boundary conditions ( , ) , ( , ) Cos
Variation of ( , ) f 0 0  versus 0 c is presented in Fig.7 It is found that initialy, i.e., at 0   the highest velocity observed while at 2   the the velocity is lowest, other velociti profiles are lie between them. It is seen that the steadiness comes faster for 3   and at 0   the velocity is lowest for 3   . 
For n=0.75
The form of Eq.(2.15) will become is shown in Fig.13 and displays that the velocity profile for 8   is higher and at 5   , the velocity profile is lower, other velocity profiles are in between them.The steadiness comes faster for 3   . It is clearly shown in Fig.13 that the term in initial condition is dominating, the velocity profile is approaching zero as the  increases for the exponential term and velocity shows the harmonic (sine and cosine) behaviour as well. is shown in Fig.15 . It is observed that the velocity profile for 0   is higher and at 3   , the velocity profile is lower. The steadiness comes faster for 8   . . Note that there is no phase change for shear thinning flow while there is phase change in the Newtonian flow. Figure 18 indicates that the steadiness for . n 0 75  is delayed than for . n 0 5  . Fig.17 . Velocity profile for different n and  for sine oscillation. 
CASE (a)
:
The behaviour of shear thinning
Behaviour of shear thickening
The behaviour for n 2  and n 3  over velocity profile is given in Figs 23 
Influence of parameter n over velocity profile for fixed 
The fourth order approximation of the velocity profile for a fixed  is shown for different n.
CASE (a):
For principle boundary condition ( , ) Sin f 0    Figure 25 illustrates the velocity at . Figure 26 shows velocity at .
71  
and denotes the same behaviour as it is shown in Fig.25 . Also as the power index n increases, the velocity profile decrease for a shear thinning fluid. As the viscosity of a shear thickening fluid increases after applying shear stress, so velocity will decays to zero earlier for a shear thickening fluid than the shear thinning fluid for which the viscosity decreases by applying shear stress. As a result, velocity of a shear thickening fluid decays to zero earlier than for the shear thinning fluid. 
Conclusions
In this paper, we have studied the velocity field corresponding to the flow of a non-Newtonian Spriggs fluid over a flat plate with oscillatory motion. Homotopy solution for the non-linear problem is obtained and convergence of the series solution is discussed. The plate was subjected to sine and cosine oscillations. The governing equations were non-dimensionalised and solved by using HAM. The influence of transient flow of non-Newtonian Spriggs fluid is greater than that of Newtonian fluid [27] . The impact of non-Newtonian Spriggs fluid over the time requires reaching the steady state for both sine and cosine oscillation of plate is appropriately discussed. Velocity decays to zero faster for a non-Newtonian Spriggs fluid as compared to a Newtonian fluid. Further, oscillations disappear away abruptly for shear thickening fluids than shear thinning fluids. The analyses of wall shear stress for both oscillations are presented through graphs for different time intervals. Both oscillations show similar amplitudes but have phase shift. The action of power index over velocity profile at fixed time is shown. The action of index n on wall shear stress is explored. At a fixed distance from the wall of the plate, the behaviour of sine and cosine oscillations is examined in Sec. 4.6 for shear thinning and shear thickening fluids. 
